Introduction
The relative importance of abnormalities of production and excretion of urate in the aetiology of the hyperuricaemia of gout has never been clearly established. In the first half of this century, hyperuricaemia was mostly attributed to underexcretion of urate, that is, impairment of renal excretion of urate in the presence of otherwise normal renal function 111. However, with the demonstration that some patients with gout incorporated increased amounts of glycine into urate, the importance of excessive endogenous production of urate (over-production) in the aetiology of hyperuricaemia also came to be appreciated [21. After a period in which it was argued that a disorder of either excretion or production was the cause, it became recognized that over-production and under-excretion of urate could both be important factors in the aetiology of the hyperuricaemia of gout. At that stage, a group of patients with gout was defined who demonstrated an impairment of renal excretion of urate 13, 41 and another group was defined who demonstrated abnormalities of urate production, either by the excessive incorporation of labelled precursors into urate or by studies of the miscible urate pool and its turnover [ 5 , 61 . Some patients were shown to have evidence of both overproduction and under-excretion simultaneously.
However, with the recognition of mutations of hypoxanthine/guanine phosphoribosyltransferase (EC 2.4.2.8) and ribose phosphate pyrophosphokinase (EC 2.7.6.1) [7, 8, 91 , the importance of over-production of urate as a mechanism of hyperuricaemia has been emphasized, and this has led to the consideration of the possibility that other more subtle mutations might be more widespread in the community and be contributing to less severe degrees of urate over-production and hence to hyperuricaemia and gout. However, problems have existed in defining the presence of urate over-production in patients without undertaking the rather cumbersome radioisotope studies to demonstrate either an excessive incorporation of glycine into urate or an increased rate of turnover of the urate pool. In 22 normal males on a purine-free diet, the mean urinary urate excretion was found to be less than 3.4 mmoV24 h [61. Accordingly, those patients with gout who excreted more than this value were regarded as demonstrating urate over-excretion, and it was deduced that they probably suffered from urate over-production as well. With the appreciation that both over-production of urate and underexcretion of urate may coexist, it was recognized that the 24 h urinary urate excretion on a purinefree diet might be less than 3.4 mmo1/24 h even in the presence of moderate degrees of urate overproduction. The need arose therefore for the development of a simple index of urate production in subjects with gout without the need to undertake the complicated pool and turnover or glycineincorporation studies. The possibility that abnormal purine biosynthesis might be demonstrable in single cells caused Kamoun et al. (101 to study purine biosynthesis de nouo in lymphocytes from patients with gout. This study revealed considerable overlap in measures of purine biosynthesis between normal subjects and those with gout, although the average was higher in the gouty subjects than in the controls. As might be expected from the depletion of PRPP by allopurinol, purine biosynthesis de nouo was reduced during therapy with allopurinol. However, these studies did not follow the purine biosynthetic activity in lymphocytes from the one individual at different times, nor did they provide any assessment of whether those gouty subjects with higher purine synthesis de novo in lymphocytes tended to be those who produced excessive urate. The present study was therefore designed to follow purine synthesis de nouo in lymphocytes from gouty patients who had never been treated with allopurinol and in whom the 24 h urinary urate excretion after 5 days on a purine-free diet was known, thereby providing, with the serum urate, an indication of the balance between urate production and excretion in that individual.
Materials and methods

Patients studied
Subjects studied were selected from new patients referred to a Gout Clinic because of the severity of their clinical gout. The diagnostic criteria used were those of the Gout Classification Criteria Subcommittee of the American Rheumatism Association [ 1 I]. When the acute attack had subsided, and before any specific treatment for the hyperuricaemia (including allopurinol or uricosuric agents), the 2-day mean urinary excretion of urate was determined after the patient had been on an essentially purine-free diet for 5 days. Patients for lymphocyte studies were then chosen whose urate excretion exceeded the normal range or lay near its upper limit Tables,  1971) were calculated from height and weight (Table 1) .
Blood samples for the preparation of lymphocytes were obtained on at least three occasions during a period of 3 weeks, but occasionally samples were collected over a longer period of time. On two occasions when treatment with allopurinol could not be delayed, only two specimens were studied. Lymphocytes from no more than two patients and two controls were studied in a batch, and each batch included lymphocytes from both patients and controls.
Preparation of lymphocytes
For this, 20 ml of blood was collected in preservative-free heparin (200 units; Weddel Pharmaceuticals, London) and then diluted with 20 ml of NaCl solution (154 mmol/l: saline). The diluted blood was layered on 15 ml of FicollPaque (Pharmacia Fine Chemicals) in two 27 mm x 100 mm plastic tubes and centrifuged at 400 g for 45 min. Cells at the plasma/Ficoll interface were collected with a Pasteur pipette and washed in incubation buffer (pH 7.4) consisting of K,HPO, (25 mmol/l), NaCl (100 mmol/l), Hepes (20 mmol/l), glucose ( 5 . 5 mmol/l), glycine (4 mmol/l), NaHCO, (10 mmol/l) and bovine serum albumin (004%). This buffer had a measured osmolality of 295 mosmol/kg. The cells were suspended in 15 ml of incubation buffer, carefully layered over 10 ml of sucrose (584 mmol/l) in a plastic tube and centrifuged at 140 g for 25 min. The cell pellet was washed twice with incubation buffer and the cells were recovered by centrifugation at 140 g for 10 min. Cells were counted (Coulter FN) and resuspended in incubation buffer at a cell density of 5 x lo6-6 x 106/ml. The viability of lymphocytes as determined by Trypan Blue exclusion was 98.4 f 0.56% (mean & SEM, n = 15). With this procedure, the ratio of platelets to lymphocytes was 0.37 & 0.05 (mean 2 SEM, n = 15). Although defibrination techniques gave slightly less platelet contamination, they gave a much lower yield of lymphocytes.
;Assay ofpurine synthesis de nouo
Purine synthesis de novo was measured by the incorporation of [ 14C]formate (0.5 mmol/l, 20-25 pCi/pmol) into a-N-formylglycinamide ribonucleotide (FGAR) in the presence of azaserine (0.3 mmol/l), which inhibits further metabolism of FGAR. The rate of FGAR synthesis was dependent on preincubation time in the presence of azaserine, periods of preincubation exceeding 30 min resulting in a rapid decline in FGAR synthesis. Lymphocytes were incubated at a density of 6 x lo6 cells/ml in the incubation buffer in an atmosphere of 5% CO, in air in a shaking water bath (100 oscillations/min) at 37OC. After a preincubation period of 30 min, and the addition of azaserine at 15 min, glutamine (2 mmol/l) and the [14Clformate were added and the tubes regassed with 5% C O , and incubated for 60 min. At the end of the incubation, the cells were washed twice with 5 ml of ice-cold wash buffer, consisting of NaCl (130 mmol/l), Hepes (40 mmol/l, pH 7.4) and bovine serum albumin (0.4%). The cell pellet was resuspended in 1 ml of deionized water and an extract made by adding 100 ,ul of HCIO, (10 mol/l). The acid-soluble supernatant was neutralized by the addition of Tris formate (1 mol/l; pH 7.0) and KOH (10 mol/l). After removal of KCIO,, the neutral supernatant (1000 pl) was applied to a column ( 5 mm x 70 mm) of anion-exchange resin (AG-1 x 8, 200-400 mesh, Bio-Rad). Columns were washed with 20 ml of formic acid (0.5 molll) and the FGAR was eluted with 10 ml of formic acid (4 mol/l) [ 121. Fractions (2 ml) were collected and counted for radioactivity in Triton/toluene scintillant in a Packard Tri-Carb 2660 liquidscintillation counter. All assays were done in duplicate or triplicate.
The rate of [ 14C]formate incorporation into FGAR was dependent on the incubation medium used, and was nine times greater at a phosphate concentration of 25 mmol/l than at physiological phosphate concentration. Incubation in the tissue-culture medium RPMI-I640 decreased the [ 14C]formate incorporation by 30%. Incubation in the presence of undialysed autologous serum or plasma inhibited formate incorporation by 70-90%.
The validity of this FGAR isolation technique was tested by using authentic a-N-f~rmyl['~C]-glycinamide ribonucleotide kindly supplied by Professor Peter Rowe (Royal Alexandra Hospital for Children, Sydney). Recovery of this authentic [I4C]FGAR added to the HCIO, (10 mol/l) extract was 95%. Samples of the formic acid (4 mol/l) eluate from lymphocyte assays were freeze-dried, and the residue was dissolved in deionized water and subjected to high-voltage paper electrophoresis (3000 V for 30 min) in sodium borate (50 mmol/l)/KCl (20 mmol/l)/ EDTA (1 mmol/l) buffer (pH 8.9). Greater than 90% of the applied radioactivity was recovered in a spot which migrated in an identical manner to the authentic [I4C]FGAR. Blank assays containing [l4C1formate were included in each batch of assays; these gave negligible radioactivity in the formic acid (4 mol/l) eluate.
Purine synthesis was also assessed by the incorporation of [I4C]formate into total acidsoluble purine compounds. Incubations were carried out as described above, but in the absence of azaserine. The HCIO, cell extract was hydrolysed at 100°C for 60 min to convert all purine nucleotides and nucleosides into the corresponding bases, and these purine bases were isolated as the silver salts and the radioactivities determined 1131. By addition of 500 pl of AMP ( 5 mmol/l) to each assay tube before the hydrolysis step, the recovery of purine compounds during the isolation of the purine bases was estimated spectrophotometrically, and recoveries of 75-85% were obtained. The radioactivity in the isolated silver-purines was corrected for these recoveries.
Results
Reliability of measurement of purine synthesis de novo
The ability of freshly isolated lymphocytes to carry out purine synthesis de nouo was assessed by both (a) the incorporation of [l4CIformate into FGAR in the presence of azaserine and (b) the incorporation of [ I4Clformate into total purine compounds isolated as the silver salts from the acid-soluble fraction. Both procedures gave la) similar measurements for purine synthesis de novo (see Fig. 1 ). The assay was linear with time up to 120 min (Fig. l a ) and was proportional to cell number between 1 x lo6 and 6 x lo6 (Fig. lb) , kinetics, with a K, of 0.1 mmol/l. Assays were performed at a final formate concentration of 0.5 mmol/l. Blood from a control donor was subjected to parallel isolation by the technique outlined in the Materials and methods section, and both lymphocyte preparations were assayed for rate of purine synthesis. The results were 25.3 and 24.7 pmol h-I cells, indicating satisfactory agreement and a minimal effect of cell handling on the assay for purine synthesis.
Other factors that might affect purine synthesis in lymphocytes
Inclusion of hypoxanthine during the preincubation or assay periods at 2 pmol/l gave 40-50% inhibition of formate incorporation into FGAR. This was probably responsible for the inhibition produced by undialysed serum or plasma. Washing the cells with a synthetic medium containing purine bases decreased the subsequent measurement of purine synthesis, even though the incubation was carried out in medium free of purine bases.
Heparin and colchicine had no effect on purine synthesis, and allopurinol (40 pmolll) resulted in 35% inhibition. Adrenaline in high concentration (90 pmol/l> caused 30% stimulation, which was not affected by the preceptor-blocker propranolol.
Purine synthesis de novo in patients with gout and controls
The mean value of purine synthesis in lymphocytes obtained from the 12 control subjects and the 13 patients with gout are shown in Fig. 2 . The actual values on the different occasions of assay reveal considerable variation in purine synthetic rates in the one individual (Table 2) . If the mean value of all measurements in the one individual is taken as the representative value for that individual, no significant difference is obtained between rates of purine synthesis in lymphocytes from patients and controls (MannWhitney U-test). There was no correlation between purine synthesis in lymphocytes and the urinary urate excretion for 24 h on a purine-free diet or the serum urate concentration.
Discussion
The present study confirms a previous report [ Lymphocytes isolated from the one individual on different occasions exhibited considerable variations in purine synthetic activity de nouo, even though incubations and assays were always performed under identical conditions. This applied in both control subjects and gouty patients. The reason for this variation on different occasions is not explained, although presumably it represents an intrinsic difference in the responses of the lymphocytes on the different occasions.
Measurement of the rate of purine synthesis in lymphocytes is dependent on a variety of factors, the most significant being the concentration of phosphate. The considerable increase with increasing phosphate concentration probably reflects the availability of the rate-controlling metabolite, PRPP, the synthesis of which is activated by phosphate 115, 161. The inhibition by allopurinol and hypoxanthine is thought to be mediated by their conversion into their respective nucleotides by the purine salvage enzyme, hypoxanthinelguanine phosphoribosyltransferase. This reaction utilizes PRPP, which consequently decreases its availability for purine synthesis de nouo as measured by the incorporation of [ I4C Iformate into purines. This competition between the synthetic pathway de novo and the salvage pathway for PRPP has been suggested as a basis for the regulation of purine synthesis in fibroblast and lymphoblast cultures [ 13, 171. In their lymphocyte isolation procedure, Kamoun et af.
[lo] included a wash step with Hanks medium 199. In our hands, a wash using this medium resulted in rates of purine synthesis in the subsequent assay which were low and quite variable. This probably resulted from the presence in medium 199 of all four purine bases, especially adenine (Gibco catalogue 1978179).
Lymphocytes were not available from untreated patients with hypoxanthinelguanine phosphoribosyltransferase deficiency, and it was considered unethical to withdraw their allopurinol treatment to determine whether their lymphocytes would show increased 1 l4Clformate incorporation into FGAR by the present technique. However, EB-virus-transformed lymphocytes (lymphoblasts) from such patients gave [ 14Clformate incorporations three times those of controls as measured by the present method of formate incorporation.
No significant difference was observed between the rates of purine biosynthesis de nouo in lymphocytes from the control subjects and the patients with severe gout (Fig. 2 and Table 2 ). This finding differs from previous studies [lo] , which reported that, although there was considerable overlap between normal and gouty groups, the mean rate of purine synthesis was higher in lymphocytes from the gouty patients than in controls. It is accordingly of interest to compare the significant differences obtained in these two groups on the first occasion of the present study when a significant difference was found (assay no. 1 of Table 2) with the fact that this difference became insignificant when the assay was repeated on several occasions in each subject. If the variability in the purine synthetic activity de nouo on different occasions had not been appreciated, a similar conclusion could have been drawn to that of previous reports [ 101.
It should also be noted that no subgroup of the gouty patients could be defined who demonstrated a consistently increased rate of purine synthesis. The two individuals in whom the mean purine synthesis de nouo was above the highest value obtained in the normal group (no. 4 and no. 7) were not those who demonstrated the greatest degree of urate over-production (as judged by the mean urinary urate excretion on a low-purine diet: Table 1 ). Indeed one was included in the study because he was a primary under-excretor of urate. There was, moreover, no over-all correlation between purine synthesis de nouo and either the serum urate concentration or the 24 h urinary urate excretion, thereby suggesting that the measurement of purine synthesis in circulating lymphocytes is unlikely to provide a simple and useful index of urate over-production.
